Aged 80 and over
Introduction
In recent decades, studies investigating changes in components of body composition during the aging process and their implications on health have increased considerably. However, this issue still needs further investigation, particularly with regard to subjects aged 80 years or over [1] due to the rapidly rising population in this age group [2] , and their higher risk of developing diseases related to the aging process.
High body fat is related to several chronic diseases [3] [4] [5] . One example is dyslipidemia that is usually associated with excess body fat [6] and is highly prevalent in the older people [7] . Recent studies have pointed out that in addition to high fat, low muscle mass is also a condition that predisposes people to a dyslipidemia [8, 9] .
In subjects who present high fat and low muscle mass concomitantly [10, 11] metabolic complications may be higher [12] , increasing the public health care cost [13] . Thus, the aim of this study was to analyze possible differences in the lipid profile of Brazilian subjects aged 80 years or over, classified with high fat, low muscle mass and both condition.
Material and methods

Sampling
Subjects aged 80 years or over, of both gender, residents of Presidente Prudente, HDI = 0.806 [2] , located in the west of Sao Paulo state, Brazil, were invited to participate in the present study. The invitation to participate was made by telephone to those who were attended by the public health service of the city. Individuals who were; bedridden; residents of rural areas; institutionalized; had a pacemaker; had difficulty walking and/or incomplete data in the database, were excluded from the present sample. A total of 113 individuals of both genders fulfilled the inclusion criteria and took part in the study.
The eligible individuals were informed about the objectives and methodology for data collection and advised they could withdraw at any time. Only those who signed the consent form were included in the sample. All protocols were reviewed and approved by the Research Ethics Committee of the University Estadual Paulista (Protocol number 26/2009).
Lipid profile
Blood samples were collected in a private laboratory, after 12-h of fasting. Samples were collected in vacuum tubes containing gel with anticoagulant. After collection, blood was centrifuged for 10 min at 3000 rpm to separate the serum from other blood components, allowing the use of serum for the analysis. To measure total cholesterol (TC) and its fractions (HDL-cholesterol (HDL-c) and LDL-cholesterol (LDL-c), and triglycerides (TG) an enzymatic colorimetric kit was used, processed in an Autohumalyzer A5 [14] . The reference values adopted for characterization of dyslipidemia were TG >150 mg/dl TC >200 mg/dl, LDL-c >130 mg/dl and HDL-c < 40 mg/dl for male and <50 mg/dl for female [15] .
Body composition
Body composition was estimated using Dual Energy X-ray Absorptiometry (DXA) equipment (Lunar DPX-NT; General Electric Healthcare, Little Chalfont, Buckinghamshire [software version 4.7] ). The measurement lasted for approximately 15 min during which time the subjects remained immobile in a supine position, wearing light clothing, with their arms by their sides. The results were transmitted to a computer connected to the device and the results were recorded in grams, and analysed by a single reviewer.
For body fat, the percentage values of total fat measured were recorded, while for the muscle mass the values of two components, the lower and upper limbs from the right and left hemisphere were recorded to get appendicular skeletal muscle mass (ASM) variable. The skeletal muscle mass index (SMI) was obtained by dividing the appendicular skeletal muscle mass by the square of height (kg/m2).
Definition of groups
After assessment of the lipid profile and body composition, the individuals were divided into four groups: High fat -men and women with fat percentage greater than 27% and 38%, respectively [16] ; Low muscle mass -men and women with SMI lower than 7.59 kg/m 2 and 5.57 kg/m 2 , respectively (the adoption of these cutoffs was based on 2 standard deviations below the mean of a group of Brazilian young people aged between 20 and 30 years, as suggested by Baumgartner et al. [17] ; High fat + low muscle mass -subjects who presented the two conditions concomitantly; Normal -those without high fat or low muscle mass.
Demographic and socioeconomic variables
The information referring to variables: age, gender, ethnicity, educational level, marital status e smoking were raised through interviews.
Anthropometric measurements
Body weight was measured by an electronic scale and height was measured by a fixed stadiometer. These measurements were used for calculating BMI [weight(kg)/height(m) 2 ], and were performed following the procedures described by Freitas Júnior et al. [18] .
The classification of BMI of older people was performed according to the values suggested by Troiano et al. [19] .
Waist circumference was measured in millimeters at the midpoint between the iliac crest and last rib with an anthropometric metal tape. The cut-off values adopted for the indication of abdominal obesity were 88 cm for women and 102 cm for men [20] .
Diseases -diabetes and hypothyroidism
To determine the prevalence of diabetes e hypothyroidism was utilized a summarized self-reported questionnaire of morbidities from the Standard Health Questionnaire for Washington State, consisting of a closed investigation, and analysed the presence/ absence of chronic diseases, divided into three groups: metabolic, cardiovascular and osteoarticular. The main investigated diseases are hypertension, diabetes, dyslipidemia, disorders in the thyroid, osteoporosis, osteoarthritis and diseases in spine [21] .
Statistical analysis
The chi-square test was used with a descriptive analysis of the sample and to analyze the relationship of lipid profile between the groups (normal, high fat, low fat-free mass and both condition). We utilized Analysis of Variance (ANOVA) test to compare the mean of lipid profile according to body composition. The post-hoc multiple comparisons Tuked test was used to verify which of these four groups were significantly different from each other and Students' t-test for independent samples were used for the comparison of variables between normal and others groups. Finally, we constructed univariate and multivariate logistic regression models to express the magnitude of the associations in Odds Ratios (OR) and respective 95% Confidence Intervals (95%CI). All analyses were performed using SPSS software (SPSS inc. Chicago. IL), version 17.0, and the significance level was set at 5%.
Results
The sample consisted of 113 older people aged between 80 and 95 years (83.4 AE 2.9 years), of which 72 women (83.5 AE 3.1 years) and 41 men (83.3 AE 2.6 years).
We analysed the prevalence of dyslipidemia in older people within each group investigated and was observed that the obese group showed a higher percentage (52.1%) of older people with dyslipidemia compared to the normal (26.0%), low muscle mass (5.5%) and high mass + low muscle mass (16.4%) groups, however, these values were not statistically significant (p = 0.170). Table 1 shows general characteristics of the subjects according to blood concentration of total cholesterol and triglycerides. It was observed that women, widowed and Asian ethnicity, showed higher blood concentration of TC above recommended. On the other hand, older people with obesity, high WC, widowed and diabetics had higher concentrations of TG above recommended.
Regarding blood concentration of LDL-c and HDL-c, it was observed that women and widowed had higher blood concentration of LDL-c above recommended. There was no difference between the descriptive variables for concentration of HDL-c (Table 2) . Table 3 shows a comparison between body composition and lipid profile. It was found that older people with high fat had higher mean values of TG compared to the normal group and low muscle mass. Older people with low muscle mass showed mean value of LDL-c lower the other groups and older people with high fat plus low muscle mass showed mean value of HDL-c lower compared to the normal group. However, in none of the groups observed mean values above (TG, TC, LDL-c) or below (HDL-c) of recommended.
It was observed that high body fat is related to the blood concentration of TG (Table 4) , and older people with high body fat are more likely to have high blood concentration of TG. In association analysis between high body fat and blood concentration of TG adjusted, it was found that high body fat is associated with high blood concentration of TG independent of marital status. In model 3 it was found that the variable ethnicity showed statistically significant, with OR 5.08 values (95% CI 1.39 to 18.52), indicating a greater chance of risk for older people with Asian origin. In model 4 variables ethnicity and diabetes showed statistical significance, with OR 5.35 (95% CI 1.40 to 20.45) and OR 3.48 (1.12 to 10.86), respectively (Table 5 ).
Discussion
The present study aimed to analyze the lipid profile and the possible differences between groups (normal, high fat, low muscle mass, and both condition) in Brazilians aged 80 years or over; it was observed that high fat is related to the high blood concentration of TG. Furthermore older people with low muscle mass showed mean value of LDL-c lower the other groups.
Older people with obesity showed higher prevalence of dyslipidemia in this study. Indeed high body fat is associated with the prevalence of cardiometabolic diseases, including dyslipidemia [22, 23] . Such evidence can be attributed to the production of proinflammatory cytokines by adipose tissue, such as the tumor necrosis factor (TNF-a) and interleukin 6 (IL-6), that are released into the bloodstream and through different mechanisms generate processes related to decreased uptake of glucose by target tissues and therefore increased use of free fatty acids in the bloodstream [24] .
Because the biological characteristics, the women have a greater amount of body fat [22, 25] and, consequently, have a higher prevalence of dyslipidemia compared to men [22, 23] . Our findings corroborate to the studies above mentioned. The higher prevalence of dyslipidemia in widowed observed in this study may have occurred due to the composition of our sample, with the highest percentage of women, who in most cases are widows 79% (p 0.001).
It was observed high prevalence of dyslipidemia in older people with Asian origin. Similar result was previously found by Lerario et al. [26] with Brazilian older people descendants of Asian in which was observed high prevalence of dyslipidemia in this population mediated by excess abdominal fat. In subjects with diabetes, insulin resistance as well as reduction in the activity of lipoprotein lipase in the muscle and adipocytes contribute with the prevalence of dyslipidemia, mainly of hypertriglyceridemia [27] . Table 3 Comparison between body composition and lipid profile of the Brazilian older people aged 80 years or over. 
Table 4
Relationship between body composition and lipid profile of the Brazilian older people aged 80 years or over.
Body composition TC TG LDL-c HDL-c
Normal n (%) High n (%) Normal n (%) High n (%) Normal n (%) High n (%) Normal n (%) Low n (%) Such evidence may also be found in our study, since approximately 47% of subjects with diabetes had hypertriglyceridemia. Studies have shown an increase of 23% in the risk of developing cardiovascular disease in the older people with high fat and low muscle mass concomitantly [12, 28] . However, in a study by Messier et al. [8] with menopausal women, no differences were found between the lipid profile of women with high body fat plus low muscle mass. On the other hand the authors AubertinLeheudre et al. [29] also investigated menopausal women, with a mean age of 66 years, and they found that women with high body fat alone had a worse lipid profile compared to those with high fat plus low muscle mass. These results are similar to those found in our study.
One of the main types of dyslipidemia associated with high body fat is hypertriglyceridemia [23, 25] . In a study with Koreans older people [28] , no statistically significant differences were observed in the TG variable between the four groups analysed, although the high fat group presented a higher mean value compared to the other groups. Aubertin-Leheudre et al. [29] also observed higher blood concentrations of TG in women with high body fat. This result is similar to the present study, in which there was a direct relationship between high fat and high TG with a greater chance of risk for hypertriglyceridemia in older people with high body fat.
With regard to the blood concentrations of TC and the presence of low muscle mass, in a study by Sanada et al. [30] a comparison was made between adult males with low muscle mass and a group without the presence of this condition and no statistical difference was observed in the serum concentration of TC. However, the value of this variable was lower for those with low muscle mass. This result is similar to the findings of the present investigation, where it was observed that the older people with low muscle mass showed lower values of TC compared to the other groups, however, without statistically significant differences being observed.
The low muscle mass group also had significantly lower blood concentration of LDL than the other groups. One possible explanation for these results is that muscle mass is related to fat oxidation and resting energy expenditure, so decrease in muscle mass may contribute to the reduction of energy expenditure and, consequently, increasing the concentration of lipids in the blood [31, 32] . However, the reduction of food intake, especially animal protein, which occurs with aging due to factors such as impaired oral health, may explain the low concentration of LDL-c in the older people with low muscle mass [30] . In addition, older people with low muscle mass lose more type II fibers (fast twitch) than type I (slow twitch), indicating that the reduction of muscle mass doesn't necessarily imply an dyslipidemia, other factors such as the characteristics of the muscle (fiber composition) may also be related [8] .
Despite researching a subject which still needs to be further explored in the literature, and especially, in the population aged 80 years or over in developing countries such as Brazil, the present study has some limitations that should be mentioned. One of them is the cross-sectional design which limits the ability to establish causality relationships and thus it is suggested that future studies should conduct prospective trials involving this subject and this age group.
Conclusion
Thus, it appears that high fat is related to the high blood concentration of TG in older people aged 80 years or over, especially those with Asian origin and diabetes and those with low muscle mass showed lower mean values of LDL-c. Public policy focusing on primary prevention of dyslipidemia should be conducted on this specific population and the younger people, in order to improve the quality of life of these individuals during the aging process.
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